This article was accepted for publication january 25, 1991 canning selection techniques are used when a person with a physical disability is unable to point directly to an item in order to make a selection from displayed items (Vanderheiden, 1988) . The cognitive, perceptual, and physical skills required of the user vary with each scanning selection technique (Vanderheiden & Grilley, 1975) . The occupational therapist is responsible for determining which selection technique a child should use and then proViding the child with the training necessary to develop these cognitive, perceptual, and physical skills (Lee & Thomas, 1990 ; Treviranus & Tannock, 1987) . Musselwhite (1986) ; Hutinger, Perry, Robinson, Weaver, and Whitaker (1986) ; and Goossens and Crain (1985) described various methods for the training of switch-activation and scanning techniques, They proposed early development of cause-and-effect concepts and switch-activation skills and recommended the use of both high-tech (e.g., computers) and low-tech (e.g., people, toys, food) approaches in order to provide a multisensory combination of stimulus-response-feedback configurations in the learning environment. They also proposed the importance of incorporating any training activity into a play context and advocated the use of a variety of computer software in switch-activation programs.
Computers are well suited to the simple stimulusresponse-feedback instructional strategy involved in the training of switch-activation skills. They can provide stimuli and feedback in such modalities as sound, color, action, voice, and music and in such flexible schedules as immediate, hierarchical, and random. They can also accept various responses, such as switch closure, touch, voice, proximity, and no response. Most of the available software packages present tasks and provide feeclback through the screen and with sound or voice. Few of the software packages available, however, use other sensory modaJities when proViding stimuli (lnd reinforcement (Hagen & Hagen, 1989) . Few offer touch, motion, vibration, speed, smell, or temperature as stimulus and reinforcement options, all of which would be desirable for students with multisensory impairment.
One package that allows these (Jptions is the Toy Control Program, I which trains the user in switch-activation skills for the three main scanning seleerion techniques of automatic, inverse, and step scanning. It has a small relay that plugs into the Apple IIe 2 microcomputer and is controlled by the program to switch on batteryoperated toys, vibrators, fans, heaters, eleCtric wheelchairs, or televisions for a preset amount of time. A third software program, the Step-by-Step Program,4 allows for a variety of stimuli and reinforcements. This program is designed to train for increasing levels of difficulty in scanning and, because it uses both toys and spoken phrases as reinforcement, builds on skills gained with the use of the Toy Control Program.
A fourth package, Programs for Early Acquisition of Language,5 incorporates the use of toys as the child interacts with the computer screen, but its primary aim is language development and it is not suited to a singleswitch operation.
These switch-activation and scanning training methods and software packages are excellent for therapists who are training children with physical disabilities in accessing communication and educational aids. No controJled study has been undertaken to compare the relative effectiveness of computer-assisted (i.e., high-tech) versus toy-assisted (i.e., low-tech) approaches to the training of single-switch-activation skills. The present study examined three different techniques for the training of single-switch-activation skills:
• Condition I-The Toy Control Program, which combines high-tech and low-tech approaches with the use of a computer program and a batterypowered toy.
• Condition 2 -The low-tech toy and therapist approach, as outlined by Musselwhite (1986) , Goossens and Crain (1985) , and Wright and Nomura (1986) .
• Condition 3 -A computer program (high-tech approach) that proVides computer screen reinforcement only.
We hypothesized (a) that preschoolers would successfully complete more SWitch-activation tasks using the Toy Control Program (i.e., Condition 1) than they would in the other two conditions and (b) that the children would attend to both the task presentation and the feedback (reinforcement) in the Toy Control Program more than they would in the other two conditions. We based 3Ava ilable from Lehigh Valley Easter Seals, Microcomputer Projeer, 2200 this hypothesis on an assumption that a multisensory presentation of stimulus and feedback would be more reinforcing than a toy or computer screen alone.
'v1ethod

Subjects
Nine subjects were selected for the study from the Regency Park Centre for Young Disabled in Kilkenny, Australia, a school and rehabilitation facility for children with physical disabilities. The children had to meet the follOWing criteria: (a) chronologically aged between 4 years 0 months and 7 years 0 months; (b) developmentally aged between 2 years 6 months and 5 years 0 months, as reported by the child's psychologist and teacher; (c) inability to use a regular computer keyboard; and (d) previous exposure to single-switch-operated toys or computers. Additionally, guardian or parental consent for the study was required. The diagnosis, age, and sex of each subject are shown in Table 1 .
Materials
An Apple IIe microcomputer with two monitors was set up in a private room. A color monitor was viewed by the subject and another monitor was placed at 90° to the first monitor to enable videotaping of both the video screen and the subject. A video camera and recorder were used to record the subject, screen, toy, and researcher for later analysis. Six battery-operated toys were modified for sin- gte-switch use: a climbing fireman, a dancing ballerina, a truck with flashing lights, a police bike with siren and flashing lights, a penguin race, and a walking spider. The relay board for the Toy Control Program was instaJJed in the microcomputer, and the toys were plugged into this as needed. Switches were plugged into the switch adapter through the computer's games port. The Toy Control Program provides six different tasks with variable scanning delays and reinforcement times. The tasks correspond to four different switch and scanning skills: simple switch activation, automatic scanning, inverse scanning, and step scanning. Each task is presented as simple square blocks placed across the screen. The feedback for Conditions 1 and 2 of the study was provided by a banery-operated toy. For Condition 3, the Toy Control Program software was modified to provide six graphic images of toys to be presented as reinforcement. The images were designed to correspond with the toys described above, were unanimated, and were silent.
Procedure
The subjects were first assessed by an occupational therapist (the first author) with the use of the Single Input Control Assessment Program 6 to determine the most appropriate input device (switch) and selection technique, including voluntary control. The Single Input Control Assessment Program presents three tests; performance on these tests suggests a possible selection technique, such as automatic, inverse, or step scanning, as the most appropriate for that subject.
In these baseline sessions, each subject was allocated a particular mode on the Toy Control Program so that tasks relevant to the selection technique assessed as most appropriate for that subject were used in the research. The subjects then anended one session for practice and familiarization with the experimental set-up, switch placement, and experimental task.
Trials were then conducted over 15 half-hour sessions (5 days for each subject with three conditions each day). The order of presentation of each experimental condition was randomized to control for possible sequential effects:
• Condition 1-For the Toy Control Program, the task was presented by the video monitor and feedback given by activation of the battery-powered toy.
• Condition 2 -For the toy alone, the subject was presented with the single switch and the chosen toy. The Switching task was presented verbally by the researcher (the second author), who alone could see the task on the computer screen. The child responded to the directions, operated the switch, and, if successful, received feedback from the toy. The computer gave no auditory or visual feedback to the child.
• Condition 3-For the video, the task was presented by the computer program on the video monitor and reinforcement was given by way of a silent, still image on the monitor of the relevant toy.
Each day, the subject would choose a toy that would be used for that day's three sessions. The sessions all followed the same format. The researcher set up the SWitch, tOy, and selection technique; brought the subject to the room; allowed three warm-up trials; and then switched on the video recorder to record the next 5 min. The task was presented as a game that followed wrinen instructions, which varied depending on the toy chosen, the selection technique, and the experimental condition used in each session. In Condition 1, the subject sat facing the computer screen, with the switch in place, the toy on the right, and the experimenter on the left. In Condition 2, the screen was turned off but placement was otherwise the same. In Condition 3, the placement was similar, with the computer screen turned on but the toy removed from sight.
The Toy Control Program allows the therapist to grade the difficulty of each task by increasing the scanning rate. For the research conducted in the present study, the children were given the opportunity to increase the level of difficulty of the task if their performance exceeded a 3:5 ratio of completed to total trials for each level. Each session began at the easiest offour levels. Most subjects responded well to this and regarded it as a challenge.
To reduce the variability in subject-researcher interactions and the amount of reinforcement proVided by the researcher, one researcher (the second author) performed all experimental sessions, following written instructions and a predetermined reinforcement and intervention protocol.
Measurement
Performance. The number of trials successfully completed by the subjects was recorded and expressed as a percentage of the total number of trials attempted for each session:
TOlal number of trials allempled
Attention. Each session for each subject was recorded on videotape_ These tapes were then rated for attention to task and attention to reinforcement by an independent rater. The independent rater viewed the taped sessions and used a stOpwatch to record overall time from the beginning of the session. A second stopwatch was used to record the amount of time for which the subject was not attending to the task. The task \vas defined as second author), and the subject's physical disabilities. differences in performance in the three conditions over (see Table 4 ). the whole sample. The mean performance score was A significant negative correlation was noted between 82.54% for Condition 1 (Le., the Toy Control Program), attention to the reinforcer and attention to the task (r = 85.83% for Condition 2 (i.e., the toy only), and 7942% for -0.8363, P < .01) in the toy only condition. This sugCondition 3 (i.e, the video only). No significant differgests that as subjects attended more to the reinforcer, ence was found (F = 2.586, P =079). The mean and they attended less to the task. No significant effect was standard deviation scores for each subject are shown in noted in relation to performance and either attention to Table 2. the task or attention to the reinforcer.
Attention to Task Rein/orcer
Dbt.:llSSlon :.tntl :oncluslon
Although not statistically significant, most subjects atThe 9 study subjects had similar performance scores for tended to the task best in the video only (79.11%) and Toy all three training conditions. This finding does not supControl Program (8042%) conditions, as compared with port our hypothesis that they would achieve higher perthe toy only (76.27%) condition (see Table 3) formance scores for the Toy Control Program. The findAn analysis of variance indicated a significant differing that the subjects spent more time attending to the toy ence in attention to the reinforcer for each of the conclias reinforcer than to the computer graphics, however, tions (F = 5.066, P < .01). The subjects generally paid provides support for part of our second hypothesis, that is, that the children would attend to both the task presentation and the feedback (reinforcement) of the Toy Control Program more than of the other two conditions. The merits of computer-mediated instruction have been documented (Horn & Warren, 1987) . Reinforcement is an essential component in the learning process, and the issue of screen-based versus alternative mediums of reinforcement is one that requires further investigation. Many children with physical disabilities have Visual, perceptual, and cognitive difficulties, and our study suppons the use of toys as a means of reinforcement with these children. An obvious extension of this rese-lfch would be to explore the extent to which animation and sound on the screen compare with toys as reinforcers.
Occupational therapists can be effective in training children with physical disabilities to use a computer and to relate to screen-based tasks (Treviranus & Tannock, 1987) . Our study provides a structure for the evaluation of performance and attention parameters with preschoolers. We evaluated the efficacy of three different methods by which children with physical disabilities can be taught to make a choice from a set of available items.
One compelling finding of this study is that training skills with the use of a simple, inexpensive, battery-operated toy within a well-defined routine gave similar results to training with an expenSive microcomputer. However, there an: a number of advantages to the use of a microcomputer apart from the motivational benefits it offers. Microcomputers allow consistent, well-defined, and relatively reproducible treatment and assessment sessions. They are also Widely used, especially as assessment and training tools for children requiring alternative access and augmentative communication programs. The skills learned with the use of a software package like the Toy Control Program (i.e., the skills of attending to the scanning array on the screen and responding as indicated by the screen) are most likely to be used in communication and computer access methods in later training. The Toy Control Program is a useful addition to the software library of all clinicians working in the area of alternative and augmentative communication ....
